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(57) ABSTRACT 
A walk-behind working machine includes an engine, a pair 
of rear wheels, and a traveling clutch interposed between the 
engine and the rear wheels. The clutch includes a case 
containing lubricating oil, a driving member having a female 
portion, and a driven member having a male portion. The 
driving and driven members are Submerged in the oil. The 
clutch provides a characteristic curve shown in a coordinate 
System where a vertical axis of the System shows a coeffi 
cient of friction between the female and male portions and 
a horizontal axis of the System shows a parameter obtained 
by multiplying a viscosity of the oil by the number of times 
the male portion rotates relative to the female portion per 
Second, and then dividing the resulting product by a Surface 
preSSure between the female and male portions. The char 
acteristic curve includes first and Second Straight lines. The 
first and Second Straight lines meet each other at a bent point. 
The bent point corresponds to a Switch point when the 
working machine is Switched from a high load running State 
to a low load running State or Vice versa. The female portion 
may have a helical groove and plural Straight grooves 
formed on a Surface thereof. The Straight grooves extend 
perpendicular to the helical groove. 

  



US 2003/0006074 A1 Jan. 9, 2003 Sheet 1 of 23 Patent Application Publication 

| " 50 | -! 

  



Patent Application Publication Jan. 9, 2003 Sheet 2 of 23 US 2003/0006074 A1 

17b 2 
18 - 

S 2 

21 
T TM A. 22b A7 St. \\ SI 37 

ZZ 22. 
AZS 

242 R N & N e ZiS * 2: . XSNNNNNSNR 
33a 

33 30 32 39 

F. G. 2 

    

  

  



Patent Application Publication Jan. 9, 2003 Sheet 3 of 23 US 2003/0006074 A1 

18 17b 21 - 

36a Cl 

A. AAA2A 
7N N 172/S4NZNy1 --- 33a STS-27774ZN 

36 B R2S 35 2 24 
341 1//6 S 

32 i ', ', 31 

N 
32a--- as Ju 

KY 

3O Nes 23 
-33a 

33 

F. G. 3 

  





Patent Application Publication Jan. 9, 2003 Sheet 5 of 23 US 2003/0006074 A1 

3O 
/ 

  





Patent Application Publication Jan. 9, 2003 Sheet 7 of 23 US 2003/0006074 A1 

s 
n 'a. 
N > 
CD X 

f 
s 

9W-s- -e-TWNS 

d NOLOR 
ONOOO 

  



Patent Application Publication Jan. 9, 2003 Sheet 8 of 23 US 2003/0006074 A1 

S 

o 
n 

OO N 
2. 

CD X 
S. 

L Se 

O 

O 

So N S S 3 S N S S 
CS d d d d d d d d 

NOLLOle O NIOOO 

  



Patent Application Publication Jan. 9, 2003 Sheet 9 of 23 US 2003/0006074 A1 

F. G. 9 

  



Patent Application Publication Jan. 9, 2003 Sheet 10 of 23 US 2003/0006074 A1 

L) 
CN 

s 
S. 

o 

9 

  



Patent Application Publication Jan. 9, 2003 Sheet 11 of 23 US 2003/0006074 A1 

I 
N 
y 

OO CO W Q O 

S 

s 2 

9 

(JSX) HO ?no SNIAWL 
W8 OWSNWOHO NWO 

  

  

    

  



Patent Application Publication Jan. 9, 2003 Sheet 12 of 23 US 2003/0006074 A1 

s 

W SSSW 

  





Patent Application Publication Jan. 9, 2003 Sheet 14 of 23 US 2003/0006074 A1 

17b - ? 
18 it 

S 2 

Ol 21 
NN 22b N NtEN AN 
s y 

s N 

s 
A Y 

7 a s / 

% 
3. N <s St N y Ni 77) \N-24 N 

Ju 

9A 

NNSYNS RSSSR 39 

31 N 

32a K 

33a 
3 

33 3OA 32 

F.G. 14 

  



Patent Application Publication Jan. 9, 2003 Sheet 15 of 23 US 2003/0006074 A1 

1 O 
  



Patent Application Publication Jan. 9, 2003 Sheet 16 of 23 US 2003/0006074 A1 

  



Patent Application Publication Jan. 9, 2003 Sheet 17 of 23 US 2003/0006074 A1 

  



Patent Application Publication Jan. 9, 2003 Sheet 18 of 23 US 2003/0006074 A1 

3 
s 

e 
s 

t S. 
CD y 

S 
9W-s- -e- WINS 

in NOLOIR 
O NOOO 

  



Patent Application Publication Jan. 9, 2003 Sheet 19 of 23 US 2003/0006074 A1 

F.G. 9A 

38a. 
F.G. 19B s t f 

  



Patent Application Publication Jan. 9, 2003 Sheet 20 of 23 US 2003/0006074 A1 

9 
X 

x S 

O || || || 2. 
CN Q 

N 
CD A. Z 

X 

9 S 

D 

O 

in NOLIOR)--OINIO--OO 

    

    

  

  



Jan. 9, 2003 Sheet 21 of 23 US 2003/0006074 A1 

FIG.21 

  



Patent Application Publication Jan. 9, 2003 Sheet 22 of 23 US 2003/0006074 A1 

FG.22A 

i 38 23B 
Maza Ya Za aZ 77 

N 2. 4. 

42 a 7777 2 

Y 

SN= N 

\\ 
B 

SS Z32 

32a Z. 
33a 

X NYNNNNNNNN 

39 
33 3OB 32 

38B 

NSS/ Sex 

  

  

  

  

  

  



Patent Application Publication Jan. 9, 2003 Sheet 23 of 23 US 2003/0006074 A1 

F. G.23 
(PRIOR ART) 

  



US 2003/OOO6074 A1 

WALK-BEHIND WORKING MACHINE 

FIELD OF THE INVENTION 

0001. The present invention relates to an improvement in 
a walk-behind working machine including running wheels 
and a drive source for driving the drive wheels. 

BACKGROUND OF THE INVENTION 

0002 Known walk-behind working machines include 
walk-behind lawn mowers. FIG. 23 hereof illustrates, in 
Side elevation, an example of Such walk-behind lawnmow 
ers. A walk-behind lawn mower 200 for mowing grass 201 
includes an engine 202, a clutch 208 for transmitting a drive 
power from the engine 202 to rear wheels 209, and a blade 
203 to be rotated by the power from the engine 202. The 
lawn mower 200 also includes a handle 205, a grip 206 
attached to the handle 205, and a clutch lever 207 mounted 
to the handle 205. Front wheels of the lawn mower 200 are 
designated 210. In mowing the grass 201 using the lawn 
mower 200, an operator 204 first actuates the engine 202 to 
thereby rotate the blade 203. The operator 204 then turns the 
clutch lever 207 forwardly, holding the grip 206 to thereby 
Switch the clutch 208 to an on state in which the drive power 
of the engine 202 is transmitted via the clutch 208 to the rear 
wheels 209. This allows the lawnmower 200 to self-propel 
or travel on flat or sloped ground while mowing the grass 
2O1. 

0.003 For some applications, the clutch 208 is often a 
cheap, Simply arranged dog clutch which can be rapidly 
brought into engagement. If the lawn mower 200 employs 
the dog clutch, the former would Suddenly start to move 
quickly. At this time, the rear wheels 208 can cause its 
wheelspin. In addition, the front wheels 210 can also be 
Suddenly lifted up together with the blade 203. The wheel 
spin of the rear wheels 208 would adversely lay or otherwise 
irregularly cut the grass 201. The dog clutch is not preferred 
because the lawn mower 200, when starting to move, is 
difficult to manipulate in Such a manner as to Satisfactorily 
mow the grass 201. The operator 204 needs to have high 
skill in manipulating Such a lawn mower. 
0004) To solve the above problem, one may propose to 
provide the lawn mower 200 arranged to travel at a variety 
of selected velocities. With this arrangement, the lawn 
mower 200 can begin to move at a low velocity. 
0005 More specifically, the thus arranged lawn mower 
200 further includes a continuously variable transmission 
interposed between the engine 202 and the rear wheels 209, 
and a speed change lever for operating the variable trans 
mission. The operator 204 can change a speed of the lawn 
mower 200 by handling the speed change lever. 

0006 Addition of the variable transmission makes the 
lawnmower expensive. Moreover, the operator 204 needs to 
tireSomely handle the Speed change lever as well as the 
clutch lever 207. 

0007 Alternatively, the working machine can employ a 
belt slip clutch including a driving pulley, a driven pulley, 
and a belt running over the pulleys. Tension in the belt can 
be varied. This arrangement eliminates the need to provide 
the costly variable transmission to the lawnmower. This belt 
Slip clutch is designed to be brought to a slipped State in 
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which the belt slips on the pulleys, so that the lawnmower 
begins to move at a low Speed. 
0008. The tension in the belt can be varied in correspon 
dence to a force exerted on the clutch lever 207 by the 
operator 204. The operator 204 can thus bring the clutch into 
and out of engagement as well as changing the Velocity of 
the lawn mower. When the operator turns forwardly the 
clutch lever 207, pushing the grip 206, the belt slip clutch is 
operated Such that the lawnmower 200 travels at low or high 
loads. When “the working machine travels at the low load”, 
it is meant that the working machine runs on flat ground, for 
example. When “the lawn mower 200 travels at the high 
load”, it is meant that the lawn mower 200 runs on sloped 
ground, for example. 

0009. The operator 204 must push the clutch lever 207 
with a large force so as to cause the clutch 208 to transmit 
a maximum power from the engine 202 to the rear wheels 
209. It is thus preferred that the lawn mower 200 include a 
link mechanism etc. for increasing a Small force exerted by 
the operator 204 on the clutch lever 207 So as to achieve the 
transmission of the maximum power from the engine 202 to 
the rear wheels 209. 

0010. The Smaller the force required to achieve the 
transmission of the maximum power is, however, the Smaller 
a minimum force required to engage the clutch 208 is. It is 
thus likely that exertion of even a very small force on the 
lever 207 would bring the clutch into engagement. In other 
words, the lawnmower 200 would begin to move even when 
the operator 204 unintentionally lightly touches the clutch 
lever 207. For this reason, the minimum force is preferably 
larger in magnitude than a given value. 

0011. In order to change the speed of the lawn mower 
200, one may further propose to provide the lawn mower 
200 with a slip clutch as disclosed, for example, in Japanese 
Patent Laid-Open Publication No. HEI 3-157520 entitled 
“SLIP CLUTCH HAVING A SPHERICAL FRICTION 
SURFACE. 

0012. The disclosed slip clutch includes a slip plate 
having a concave Surface, a friction plate applied to the 
concave Surface of the Slip plate, and a pressure plate having 
a conveX Surface to be in friction engagement with the 
friction plate. Where the lawn mower 200 employs the slip 
clutch, when the slip clutch is engaged, the pressure plate 
comes into engagement with the friction plate to thereby 
produce a friction force therebetween, Such that a drive 
power from the engine is transmitted to the rear wheels. 
0013 The operator 204 engages or disengages the slip 
clutch as well as changing the Velocity of the lawnmower 
200 by pushing the clutch lever 207 with forces of different 
magnitudes. The operator 204 turns the clutch lever 207 
forwardly, pushing the grip 206 to thereby engage the Slip 
clutch, Such that the lawn mower 200 travels at the low or 
high load. 
0014. The slip clutch is used for a long time in a slipped 
State in which the friction plate slips on the pressure plate. 
The magnitude of the friction force produced between the 
friction plate and the pressure plate when the clutch began 
to be used must be maintained for a long period of time. 
0015. At a time when the slip clutch begins to be used, the 
concave Surface of the friction plate and the conveX Surface 
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of the preSSure plate provide increased Surface roughness. 
The concave Surface and the conveX Surface therefore have 
their relatively Small areas contacting each other. For the Slip 
clutch which has been used for a long period of time, 
whereas, the friction plate and the pressure plate are worn. 
AS a result, the worn friction plate and pressure plate 
undesirably contact each other along the increased Surfaces 
thereof. More specifically, the contact areas of the concave 
Surface of the friction plate and the conveX Surface of the 
preSSure plate become large. A Surface preSSure between the 
friction plate and the pressure plate is Smaller when the 
clutch is used for the long time than when the clutch began 
to be used even if the magnitude of a force that presses the 
preSSure plate against the friction plate is constant. Conse 
quently, a friction force produced between the preSSure plate 
and the friction plate is Small. The Slip clutch thus arranged 
would be leSS properly operated. 
0016 To address this problem, the friction plate and the 
preSSure plate can be produced with increased precision to 
provide decreased Surface roughness, Such that the contact 
area becomes large when the Slip clutch begins to be used. 
However, producing the friction plate and the pressure plate 
with increased precision requires a high cost. 
0.017. With the foregoing in view, what has been needed 
is a cheap clutch which can be advantageously used in the 
Slipped State for a long period of time. 

SUMMARY OF THE INVENTION 

0018. An object of the present invention is to provide a 
walk-behind working machine including a clutch for trans 
mitting driving power from an engine to running wheels of 
the machine, and a pivotable grip clutch lever for engaging 
and disengaging the clutch. Even when a pushing force 
exerted on the lever is slightly increased, the clutch transmits 
a greatly increased drive power to the running wheels while 
the working machine travels at a high load. The clutch 
transmits a Substantially constant drive power to the driving 
wheels regardless of change in the force exerted on the lever 
while the working machine travels at a low load. 
0.019 Another object of the present invention is to pro 
vide a walk-behind working machine including a less costly 
clutch which can be reliably used in the slipped state for a 
long period of time. 
0020. According to one aspect of the present invention, 
there is provided a walk-behind working machine providing 
a first State and a Second State, the working machine in the 
first State running at a high load, the working machine in the 
Second State running at a low load, the working machine 
comprising: (A) a drive Source; (B) running wheels; and (C) 
a traveling clutch interposed between the drive Source and 
the running wheels; the traveling clutch including: (a) a case 
containing a lubricating oil; (b) a driving member having a 
friction Surface; and (c) a driven member having a friction 
Surface; the driving and driven members being disposed 
within the case in Such a manner as to be Submerged in the 
lubricating oil; the friction Surfaces of the driving and driven 
members being arranged to contact each other to produce a 
Surface pressure therebetween; the Surface pressure deter 
mining whether the traveling clutch is brought from an off 
state in which the friction surfaces of the driving and driven 
members do not contact each other to a slipped State in 
which the driven member slips on the driving member; the 
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traveling clutch providing a characteristic curve shown in a 
coordinate System including a vertical axis representing a 
coefficient of friction between the friction Surfaces of the 
driving and driven members and a horizontal axis represent 
ing a parameter obtained by dividing by the Surface preSSure 
a product of a Viscosity of the lubricating oil and the number 
of times the driven member rotates relative to the driving 
member per Second, the characteristic curve including a first 
Straight line and a Second Straight line connected to the first 
Straight line via a bent point, the Surface pressure being 
determined Such that the bent point corresponds to a Switch 
point when the working machine is Switched from the first 
State to the Second State or Vice versa. 

0021. The surface pressure determines whether the trav 
eling clutch is Switched from the off State to the Slipped State. 
Since the traveling clutch includes the lubricating oil, a film 
of the oil is interposed between the friction surfaces of the 
driving and driven members. 
0022. In illustrated embodiments of the present invention 
as will be described hereinafter, the Surface pressure is 
varied in correspondence to a pushing force that pushes a 
grip clutch lever of the working machine. Change in the 
surface pressure varies thickness of the film. When the 
Surface preSSure is Small, the thickness is large. The thick 
ened film provides the decreased coefficient of friction 
between the friction surfaces of the driving and driven 
members. Whereas, the thickness of the film is Small when 
the Surface pressure is large. AS the film becomes thin, the 
coefficient of friction greatly increases. 
0023 The characteristic curve includes the first straight 
line and the Second Straight line. The first and Second Straight 
lines are connected to each other via the bent point. The first 
Straight line lies in a first region providing the Small param 
eter having the large Surface pressure while the Second 
Straight line lies in a Second region providing the large 
parameter having the Small Surface pressure. The first 
Straight line is Steeper than the Second Straight line. 
0024. The surface pressure is determined such that the 
bent point corresponds to a Switch point when the working 
machine is Switched from the first State to the Second State 
or Vice versa. 

0025. When in the first state, the working machine pro 
vides the parameter at any point on the first Straight line of 
the characteristic curve in the coordinate System. The coef 
ficient of friction greatly varies in correspondence to change 
in the pushing force. 
0026. Transmitting a maximum drive power from the 
drive Source to the running wheels requires applying a 
limited pushing force to the grip clutch lever. Moreover, the 
transmission of the drive power requires the Small change in 
the pushing force. 

0027. When in the second state, the working machine 
provides the parameter at any point on the Second Straight 
line of the characteristic curve in the coordinate System. 
Thus, the coefficient of friction is substantially constant 
regardless of change in the pushing force exerted on the grip 
clutch lever. 

0028. When the working machine travels at the low load, 
the surface pressure is small. The coefficient of friction 
remains Substantially unchanged irrespective of the pushing 
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force applied to the grip clutch lever. Namely, ability of the 
clutch to transmit the drive power from the drive source to 
the running wheels is not affected by Slight change in the 
pushing force. The working machine thus arranged can 
begin to travel Smoothly. 

0029. Although the pushing force varies in magnitude 
less greatly, the clutch transmits a wide range of the drive 
power from the drive source to the rear wheels. 
0030 The use of the traveling clutch is advantageous 
because transmission of maximum drive power from the 
drive Source to the running wheels requires the limited 
pushing force. In other words, operation of the grip clutch 
lever can be achieved changing the pushing force leSS 
abruptly. This allows an operator to bear a reduced burden 
of manipulating the grip clutch lever. Moreover, the working 
machine does not begin to travel when the operator unin 
tentionally touches the grip clutch lever. In other words, the 
working machine is arranged Such that it begins to travel 
only when the operator intentionally manipulates the grip 
clutch lever. 

0031. In a preferred form of the present invention, the 
parameter is 5x10 at the bent point. 
0032. When the working machine runs at the high load, 
according to the illustrated embodiment, the parameter is 
smaller than 5x10. This results in the increased coefficient 
of friction between the friction Surfaces of the driving and 
driven members. Accordingly, by increasing the pushing 
force little, there can be achieved significant improvement in 
ability of the clutch to transmit the drive power of the drive 
Source to the running wheels. 

0.033 When the working machine runs at the low load, 
the parameter is larger than 5x10. This leads to the 
decreased coefficient of friction between the friction Sur 
faces of the driving and driven members. It is thus unlikely 
that the ability of the clutch to transmit the drive power from 
the drive Source to the rear wheels is affected by any change 
in the pushing force. 

0034. This arrangement allows the working machine to 
travel Smoothly at both the high and low loads. 

0035) In a further preferred form of the present invention, 
at least one of the friction Surface of the driving member and 
the friction Surface of the driven member has a helical 
groove and plural Straight grooves formed thereon. The 
Straight grooves extend perpendicularly to the helical 
grOOVe. 

0.036 When the traveling clutch is used for a long time, 
the Surfaces of the driving and driven members can be worn 
into contact with each other at the increased areas thereof. 
That is, the use of the clutch for the long time can increase 
the contact areas of the driving and driven members. The 
increased contact areas provides the reduced Surface pres 
Sure even if the friction Surface of the driven member at a 
time when the clutch has been used for the long period of 
time undergoes the same pressing force as that at a time 
when the clutch began to be used. When the surface pressure 
is reduced, the thickness of the film of the lubricating oil can 
be rendered large to thereby reduce the coefficient of friction 
between the friction surfaces of the driving and driven 
members. The coefficient of friction can be abruptly changed 
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when the driving and driven members are brought from a 
boundary lubrication State to a mixed or hydrodynamic 
lubrication States. 

0037 AS discussed hereinafter in detail, by the phrase 
“boundary lubrication state”, it is meant that the film of the 
lubricating oil is sufficiently thin. The phrase “hydrody 
namic lubrication state” means that the film of the lubricat 
ing oil is Sufficiently thick. The mixed lubrication State is a 
mixture of the boundary lubrication state and the hydrody 
namic lubrication State. In the hydrodynamic lubrication 
State, the friction Surface of the driven member is completely 
kept off from the surface of the driving member to ensure 
that the film of the lubricating oil is interposed therebetween. 
0038 According to the present invention, the film of the 
lubricating oil remains thin. Therefore, the friction Surfaces 
of the driving and driven members maintain the boundary 
lubrication regardless of the Surface pressure. More specifi 
cally, at least one of the friction Surface of the driving 
member and the friction Surface of the driven member has 
the helical groove and the plural Straight grooves extending 
perpendicularly to the helical groove. These grooves Serve to 
discharge the lubricating oil and powder produced between 
the worn friction Surfaces of the driving and driven mem 
bers. The discharge of the oil and the powder makes it 
possible to keep the film thin. 
0039 The traveling clutch of the present invention pro 
vides the boundary lubrication State alone, and hence the 
coefficient of friction remains large. Consequently, the fric 
tion force produced between the friction Surfaces of the 
driving and driven members when the clutch began to be 
used can be maintained for a long period of time. The clutch 
thus arranged can be operated Stably for the long period of 
time. Furthermore, forming the helical groove and the plural 
Straight grooves in at least one of the friction Surfaces of the 
driving and driven members requires a low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 Certain preferred embodiments of the present 
invention will hereinafter be described in detail, by way of 
example only, with reference to the accompanying drawings, 
in which: 

0041 FIG. 1 is a left side elevation view illustrating a 
walk-behind working machine according to the present 
invention; 

0042 FIG. 2 is a cross-sectional view of a transmission 
device of the working machine including a traveling clutch 
according to the present invention; 

0043 FIG. 3 is a cross-sectional view taken along line 
3-3 of FIG. 2; 

0044 FIG. 4 is an exploded view of the traveling clutch; 
004.5 FIG. 5 is a view illustrating how a grip clutch lever 
is operated; 

0046 FIG. 6 is a view illustrating the working machine 
mowing grass with the grip clutch lever gripped by an 
operator's hand; 

0047 FIG. 7A is a schematic view illustrating how the 
traveling clutch is operated, and FIG. 7B graphically shows 
the dependency of a coefficient of friction between female 
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and male members of the traveling clutch on a Surface 
preSSure between the female and male members, 
0.048 FIG. 8 is a graphical representation of the coeffi 
cients of friction at various Surface preSSures, 
0049 FIG. 9 is a view illustrating the grip clutch lever 
pivoted from a neutral position to a fully pivoted position; 
0050 FIG. 10 is a graphical representation of a pushing 
force exerted on the grip clutch lever at various running 
resistance to propulsion of the working machine when the 
working machine employs the traveling clutch (Solid circles 
and a Solid line) and when the working machine employs a 
belt slip clutch (open circles and a broken line); 
0051 FIG. 11 is a graphical representation of driving 
force transmitted by the belt slip clutch (open circles and a 
broken line) and the traveling clutch (Solid circles and a Solid 
line) at the various running resistance; 
0.052 FIG. 12 is a graphical representation of assist rates 
of the belt slip clutch (open circles and a broken line) and the 
traveling clutch (Solid circles and a Solid line) at the various 
running resistance; 
0053 FIG. 13 is a view illustrating a modified traveling 
clutch according to the present invention; 
0054 FIG. 14 is the view of FIG. 2 with the traveling 
clutch further modified according to the present invention; 
0055 FIG. 15 is a view illustrating a modified grip clutch 
lever; 

0056 FIG. 16 is a view illustrating a further modified 
grip clutch lever, 
0057 FIG. 17A is a view illustrating a still further 
modified traveling clutch according to the present invention 
and FIG. 17B is a cross-sectional view taken along line b-b 
of FIG. 17A, 

0.058 FIG. 18A is a schematic view illustrating how the 
traveling clutch of FIG. 17A and FIG. 17B is operated, and 
FIG. 18B graphically shows the dependency of a coefficient 
of friction between female and male members of the trav 
eling clutch of FIG.17A and FIG. 17B on a surface pressure 
between the female and male members, 

0059 FIG. 19A is a cross-sectional view of the female 
and male portions of the traveling clutch and FIG. 19B 
shows, on an enlarged Scale, part of the female portion as 
Viewed in a direction of an arrow designated b, 
0060 FIG. 20 is a graphic representation of coefficients 
of friction between the female and male portions at various 
Surface preSSures between the female and male portions 
when the traveling clutch of FIG. 17A and FIG. 17B and a 
different type of a traveling clutch began to be used (Solid 
circles, Solid Stars and Solid lines) and when those traveling 
clutches are used for a long time (open circles, open Stars, 
and broken lines); 
0061 FIG. 21 is a view illustrating a still further modi 
fied traveling clutch according to the present invention; 

0062 FIG. 22A is a view illustrating a still further 
modified traveling clutch according to the present invention 
and FIG. 22B is a front elevation view of a female portion 
of the traveling clutch of FIG. 22A; and 

Jan. 9, 2003 

0063 FIG. 23 is a view illustrating a conventional walk 
behind working machine, 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0064. Referring to FIG. 1, a walk-behind working 
machine 10 such as a lawnmower includes a body 11 having 
a pair of right and left front wheels 12, 12 (only left one 
shown) positioned at a front part thereof. The body 11 has a 
pair of right and left rear wheels 13, 13 (running wheels) 
positioned at a rear part thereof. An engine 14 is provided at 
an upper part of the body 11. At a lower portion of a central 
part of the body 11, there is positioned a blade 16 for 
mowing grass 82 (see FIG. 6). The body 11 includes a 
transmission device 20 positioned inside a rear part thereof. 
The body 11 includes a pair of right and left handles 50L, 
50R extending rearwardly therefrom. The body 11 is 
manipulated by means of these handles 50L, 50R. 
0065. The engine 14 is a drive source for driving the rear 
wheels 13, 13 and the blade 16. More specifically, the engine 
14 includes a downwardly extending output shaft 15. The 
output shaft 15 is connected via a work switching clutch 42 
to the blade 16. The output shaft 15 is also connected to an 
input shaft 21 through transmission components (a driving 
pulley 17a, a driven pulley 17b, and a belt 18). 
0066. The transmission device 20 is mounted in a power 
transmission System 41 including the engine 14 and the rear 
wheels 13, 13. The clutch 42, when in an off state (disen 
gaged state), applies a brake to the blade 16. 
0067 Provided in the vicinity of a rear end of the left 
handle 50L of the working machine 10 is a lever 25 for 
controlling a throttle valve mounted to the engine 14. The 
right and left handles 50R, 50L have a work switching lever 
60 and a grip clutch lever 70 attached to rear ends thereof 
through a support shaft 54. These levers 60, 70 are arranged 
to pivot in a front-and-rear direction of the machine 10. 
0068. The lever 60 has a wire cable 66 connected thereto. 
The clutch 42 is engaged or disengaged by the wire cable 66. 
Namely, while in an on State (engaged State), the clutch 42 
transmits drive power from the engine 14 to the blade 16 to 
thereby drive the blade 16. While the clutch 42 is in the off 
State, on the other hand, the transmission of the drive power 
from the engine 14 to the blade 16 is cut off. More specifi 
cally, as an operator keeps his hands off from the lever 60, 
that is, the wire cable 66 is not pulled, the clutch 42 is held 
in the off state and the blade 16 brakes. When the operator 
pulls the wire cable 66 using the lever 60, the clutch 42 is 
brought to the on state to thereby transmit the drive power 
from the engine 14 to the blade 16. 
0069. The grip clutch lever 70 serves both as a grip the 
operator grips for manipulation of the body 11 and as a lever 
for operating a traveling clutch 30 as will be discussed later. 
The clutch 30 has a wire cable 36 connected thereto. The 
clutch 30 is engaged or disengaged using the lever 70. 
Namely, while in an engaged State (an on State), the clutch 
30 transmits the drive power from the engine 14 to the rear 
wheels 13, 13 to thereby drive the rear wheels 13, 13. While 
the clutch 30 is in a disengaged State (an off State), on the 
other hand, the transmission of the drive power from the 
engine 14 to the rear wheels 13, 13 is cut off. More 
Specifically, as the operator's hands are kept off from the 
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lever 70, that is, the wire cable 36 is not pulled, the clutch 
30 is in the disengaged state. When the wire cable 36 is 
pulled using the lever 70, the clutch 30 is brought to the 
engaged State to thereby transmit the drive power from the 
engine 14 to the rear wheels 13, 13. 
0070 AS stated above, driving the engine 14 rotates the 
rear wheels 13, 13 and the blade 16. The front wheels 12, 12 
then start to rotate. This causes the working machine 10 to 
travel mowing the grass 82. At this time, the operator walks 
behind the working machine 10, gripping and pushing the 
levers 60, 70. The working machine 10 includes a bag 26 for 
containing the mowed grass. 
0071 Referring to FIG. 2, the transmission device 20 is 
shown including the traveling clutch 30. 
0.072 The device 20 includes the input shaft 21 having 
the driven pulley 17b mounted at one end thereof. The input 
shaft 21 has a driving bevel gear 22a attached thereto. The 
gear 22a is of Small diameter. A driven bevel gear 22b (a 
driving member) of large diameter meshes with the gear 
22a. The gear 22b is rotationally mounted on an output shaft 
23 extending laterally of the machine 10. As will be 
described later, the clutch 30 is arranged to transmit a 
driving force from the driven bevel gear 22b to the output 
shaft 23, or to cut off the transmission of the driving force. 
The gears 22a, 22b are accommodated within a case 24. 
0073. Within the case 24, the input shafts 21 is rotatable 
and axially unmovable. So is the output shaft 23. The output 
shaft 23 is an axle of the rear wheels 13, 13. When supplied 
with the driving force from the gear 22b, the output shaft 23 
transmits the same to the rear wheels 13, 13. 
0.074 The traveling clutch 30 is a friction clutch includ 
ing a driving member and a driven member. When the clutch 
30 is in the engaged State, the driving force is transmitted to 
the output shaft 23 under the action of friction force pro 
duced between the driving member and the driven member. 
In the illustrated embodiment, the clutch 30 is a cone clutch. 

0075. The case 24 contains a lubricating oil Ju. The 
clutch 30 includes the bevel gear 22b having a tapered 
female portion 38 (a friction surface) and a clutch shifter 32 
(a driven member) having a tapered male portion 39 (a 
friction surface). The bevel gear 22b and the clutch shifter 32 
are disposed within the case 24 in Such a manner as to be 
submerged in the oil Ju. The male portion 39 has its surface 
arranged to come into engagement with a Surface of the 
female portion 38 when the clutch 30 is in the engaged state. 
The clutch 30 can also be used in a slipped state as will be 
discussed later. Whether the clutch 30 is Switched from a 
disengaged State to the slipped State depends upon a Surface 
preSSure produced between the Surfaces of the female and 
male portions 38, 39. The clutch 30 is interposed between 
the engine 14 and the rear wheels 13, 13. The phrase 
"Surface pressure produced between the Surfaces of the 
female and male portions 38, 39” used herein is referred to 
as a pressure one of the female and male portions 38,39 held 
in contact with each other exerts on the other. 

0.076 The tapered female portion 38 is formed at an end 
of a hub 37 of the bevel gear 22b. The clutch shifter 32 is 
mounted on the output shaft 23 in Such a manner as not to 
rotate but slide with respect to the latter. The clutch shifter 
32 has the tapered male portion 39 formed at an end thereof 
proximal to the female surface 38. The clutch shifter 32 has 
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a circular grooved portion, or recessed portion 32a formed 
circumferentially thereof. A shift walk 33 has a pair of claws 
33a, 33a fitted in the recessed portion 32a. A shifter rotation 
preventing member 31 is provided for keeping the clutch 
shifter 32 from rotating with respect to the output shaft 23. 
The lubricating oil Ju may have its any level below which 
the portions 38, 39 are in part placed. 
0.077 Turning to FIG. 3, the shift walk 33 is mounted 
within the case 24 in Such a manner as to pivot in a direction 
perpendicular to this figure. 
0078 More specifically, the shift walk 33 is arranged to 
pivot on a support shaft 34. The support shaft 34 is rotatably 
mounted within the case 24. The Support shaft 34 has a 
clutch lever 35 attached to one end thereof. The clutch lever 
35 has its one end connected to a wire end 36a of the wire 
cable 36. 

0079. In FIG. 4, there are shown plural straight grooves 
38a formed circumferentially of the surface of the female 
portion 38. The grooves 38a are spaced at given intervals. 
While the clutch 30 is in the slipped state where the male 
portion 39 slides over or slips on the female portion 38, the 
surfaces of the female and male portions 38, 39 wear away 
each other to thereby produce powder therebetween. At this 
time, edges forming the respective grooves 38a Scrape the 
powder off. The powder is then discharged out of the 
grooves 38a. The grooves 38a extend across the surface of 
the female portion 38, and have semicircular or U-shaped 
contours as viewed in front elevation. The grooves 38a may 
be spaced at different intervals, and have variety of widths, 
sizes, and any cross-sectional contours to Serve the above 
function. The surface of the female portion 38 may be free 
from the grooves 38a. 
0080 Referring back to FIG. 2 and FIG.3, the clutch 30 
is shown as being in the disengaged State where the bevel 
gear 22b does not contact the clutch shifter 32. 
0081) When the wire cable 36 is pulled, the shift walk 33 
is caused to pivot towards the driven bevel gear 22b (in a 
direction directed down and out of the plane of FIG. 3). 
Consequently, the claws 33a, 33a of the shift walk 33 are 
also shifted to cause the clutch shifter 32 to slide towards the 
bevel gear 22b. 
0082) The sliding movement of the clutch shifter 32 
towards the bevel gear 22b brings the male portion 39 into 
contact with the female portion 38. More specifically, the 
surfaces of the female and male portions 38, 39 contact each 
other to thereby produce a friction therebetween, such that 
the clutch 30 transmits the driving force to the output shaft 
23. 

0083) A pulling force by which the wire cable 36 is pulled 
is changed in correspondence to a change in a pushing force 
by which the grip clutch lever 70 is pushed. A force by which 
the clutch shifter 32 is slid into contact with the bevel gear 
22b is thus changed. As a result, there is changed a Surface 
preSSure produced between the Surface of the male portion 
39 and the surface of the female portion 38. Therefore, there 
is also changed a friction force produced between the 
surfaces of the female and male portions 38, 39. With this 
arrangement, the clutch 30 can be switched from the disen 
gaged State through the Slipped State to the engaged State. 
0084 With respect to FIG. 5, the work switching lever 60 
is shown as being turned forwardly into abutment on the grip 
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clutch lever 70. The abutment of the lever 60 on the lever 70 
pulls the wire cable 66. The work Switching clutch 42 is then 
brought to the on state to thereby transmit the drive power 
of the engine 14 to the blade 16. The blade 16 is therefore 
driven to mow the grass. A return Spring 69 produces a force 
by which the grip clutch lever 70 is held in a neutral position, 
as shown in FIG. 5. 

0085. When the operator pushes the levers 60, 70 for 
wardly by his/her hand 80, a resultant force F including a 
horizontally forward force F1 and a vertically downward 
force F2 is exerted on the lever 70 in a direction as indicated 
by an arrow. The force F1 acts to push the lever 70 
horizontally while the force F2 is due to the weight of the 
hand 80. 

0.086 A direction of the resultant force F1 is substantially 
the same as a direction of the forward pivotal movement of 
the lever 70 on the Support shaft 54. It thus becomes possible 
to efficiently turn the lever 70 counterclockwise by pushing 
the same with the force F1. More specifically, the wire cable 
36 is pulled by an amount of the pivotal movement of the 
lever 70. In other words, the change in the amount by which 
the wire cable 36 is pulled depends upon the force F1. 
0087. The work Switching lever 60 is arranged to pivot on 
the support shaft 54 together with the grip clutch lever 70. 
0088. The surface pressure between the female portion 38 
and the male portion 39 is changed depending upon the 
pulling force for pulling the wire cable 36. If the pulling 
force is small, the clutch 30 is brought to the slipped state. 
When the clutch 30 is in the slipped state, the working 
machine begins to travel at a Small Velocity. 
0089. In relation to FIG. 6, the working machine 10 
begins to travel slowly with the clutch 30 held in the slipped 
State, as Stated above. Thus, the operator can start to propel 
the working machine 10 with smoothness with the result that 
the grass 82 is mowed well. 
0090 The operator's hand 80 further pushes the levers 
60, 70 forwardly with the horizontally forward force F1. The 
force F1 is directed in the direction of the propulsion of the 
working machine 10. This is advantageous because the 
operator tirelessly manipulates the traveling working 
machine 10 performing the mowing operation. 
0.091 As the operator pushes the grip clutch lever 70 
forwardly to such an extent as to bring the clutch 30 to the 
Slipped State, the working machine 10 begins to travel. 
Thereafter, the operator can walk behind the working 
machine 10, manipulating the Same with ease. 
0092. In turning or retracting the working machine 10, 
the operator stops exerting the force F1 on the levers 60, 70. 
The return spring 69 then forces the levers 60, 70 to pivot 
back to their neutral positions as shown in FIG. 1. Conse 
quently, the clutch 30 is brought to the disengaged State to 
thereby supply the rear wheels 13, 13 with no drive power 
of the engine 14. 

0093. This enables the operator to turn or retract the 
working machine 10, gripping the levers 60, 70. 

0094) The clutch 30 transmits from the engine 14 to the 
rear wheels 13, 13 the drive power corresponding to the 
forward force F1 exerted on the grip clutch lever 70. The 
working machine 10 is thus propelled by the operator 
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produced Small force F1 and the large drive power trans 
mitted from the engine 14 via the clutch 30 to the rear wheels 
13, 13. In other words, the working machine 10 can be 
propelled with the aid of the drive power. 

0095 The working machine 10 is easy to handle because 
the operator is required only to push the grip clutch lever 70 
by hand, as is conventional, in propelling the working 
machine 10. 

0096. As shown in FIG. 7A, the clutch 30 includes the 
tapered female portion 38 and the tapered male portion 39. 
Whether the clutch 30 is Switched from the disengaged state 
to the Slipped State depends on the Surface preSSure between 
the surfaces of the female and male portions 38, 39. A film 
made of the lubricating oil Ju is interposed between the 
surfaces of the female and male portions 38, 39. A surface 
pressure Pexerted on the surface of the female portion 38 by 
the male portion 39 is changed in correspondence to a 
pressing force W by which the surface of the male portion 
39 is pressed against the surface of the female portion 38. 
The change in the Surface pressure P varies a thickness t of 
the film. A relation between the surface pressure P and the 
thickness t is shown in the following table 1. 

TABLE 1. 

THICKNESS OF 

SURFACE LUBLICATING COEEFICIENT (nx N) 
m x N PRESSURE OIL FILM OFFRICITON /P 

CONST. SMALL LARGE SMALL LARGE 
LARGE SMALL LARGE SMALL 

0097 AS is apparent from the above table 1, when the 
Surface pressure P is Small, the thickness t of the film is made 
large. The large thickness t provides decreased coefficient of 
friction u between the Surfaces of the female and male 
portions 38, 39. When the surface pressure P is large, on the 
other hand, the thickness t becomes Small. The Small thick 
neSS t provides increased coefficient of friction u. 
0098. A characteristic of the clutch 30 can be evaluated 
using a parameter represented by a reference character (mxN 
)/P, where P is the surface pressure (Pa), m is a viscosity 
(Pa.s) of the lubricating oil Ju, and N is a difference in the 
number of rotations per second between the male portion 39 
and the female portion 38. Nis, namely, the number of times 
(1/s) the male portion 39 rotates relative to the female 
portion 38 per second when the clutch 30 is in the slipped 
clutch. The parameter (mxN)/P is dimensionless. With mxN 
kept constant, when the Surface pressure P is Small, the 
parameter (mxN)/P is large while when the Surface pressure 
P is large, the parameter (mxN)/P is small. 
0099 When the parameter (mxN)P is large, the coefficient 
of friction u is small while when the parameter (mxN)/P is 
Small, the coefficient of friction it is large. 
0100 FIG. 7B graphically shows the relation between 
the coefficient of friction g and the parameter (mxN)/Pas 
indicated in the table 1. As shown FIG. 7B, there are 
provided a coordinate System including a horizontal axis 
showing the parameter (mxN)/P and a vertical axis showing 
the coefficient of friction u corresponding to the parameter 
(mxN)/P. When shown in the coordinate system, the relation 
between the coefficient of friction u and the parameter 
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(mxN)/P provides a line graph including two straight lines of 
negative slope, as will be discussed in detail with respect to 
FIG 8. 

0101 FIG. 8 is a graph based on data obtained from an 
experiment in which the coefficients of friction u were 
measured at the various parameters. 
0102) As can be seen from FIG. 8, the clutch 30 provides 
a characteristic curve shown in a coordinate System includ 
ing a horizontal axis showing the parameter (mxN)/P and a 
vertical axis showing the coefficient of friction. The char 
acteristic curve of the clutch 30 is called “Stribeck curve'. 

0103). Since the viscosity m of the lubricating oil and the 
difference in the number of rotations N vary much less than 
the Surface pressure, the product mxN is considered con 
stant. Therefore, the parameter (mxN)/P is inversely propor 
tional to the Surface pressure P. 
0104. The stribeck curve of FIG. 8 provides three states: 
(1) Boundary lubrication state where the surface pressure P 
is large to thereby lessen the parameter (mxN)/P and thin the 
film of the lubricating oil interposed between the surfaces of 
the female and male portions 38, 39, so that the coefficient 
of friction u is large; (2) Mixed lubrication state where as the 
surface pressure P is reduced, the parameter (mxN)/P is 
increased and the film of the lubricating oil is thickened, So 
that the coefficient of friction u is decreased; and (3) 
Hydrodynamic lubrication State where as the Surface pres 
sure P is further reduced, the parameter (mxN)/P is further 
increased and the film of the lubricating oil becomes suffi 
ciently thick, So that the coefficient of friction u is made 
Small. 

0105 The mixed lubrication state is a mixture of the 
boundary lubrication State and the hydrodynamic lubrication 
State. In the hydrodynamic lubrication State, the Surface of 
the male portion 39 is completely kept off from the surface 
of the female portion 38 to ensure that the film of the 
lubricating oil is interposed therebetween. 
0106 The stribeck curve as shown in FIG. 8 is approxi 
mated to the two Straight lines on the basis of data obtained 
from the experiment performed on the clutch 30 under the 
following condition: 

0107 average diameters of the tapered female and 
male portions 38, 39; 40 (mm) 

0108 lengths L1, L2 (see FIG. 4) of the tapered 
female and male portions 38,39; 7 (mm) 

0109 angles the surfaces of the female and male 
portions 38, 39 are inclined: 12 (deg.) 

0110 surface roughness of the surfaces of the 
female and male portions 38, 39: 0.1 to 1.0 (um) 

0111 material for the female portion 38: casting of 
aluminum bronze 

0112 material for the male portion 39: sintered 
iron-based metal 

0113) 
0114) viscosity of the lubricating oil m: 0.055 (Pa.s) 
0115 the difference N in the number of rotations per 
second between the male portion 39 and the female 
portion 38: 1.7 to 5.0 (1/s) 

lubricating oil: engine oil 
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0116 the surface pressure P between the surfaces of 
the female and male portions 38, 39. 5x10 to 
70x10 (Pa) 

0117 The stribeck curve of FIG. 8 is approximated to the 
two Straight lines, that is, first and Second Straight lines C1, 
C2. The first straight line C1 meets the second straight line 
C2 at a bent point Cp. The first straight line C1 is inclined 
more than the Second Straight line C2. At the point Cp, the 
parameter (mxN)/P is 5x10 and the coefficient of friction 
lu is 0.07. The steep first straight line C1 is in a first region 
A having any point at which the parameter (mxN)/P is 
smaller than 5x10 to thereby provide the boundary lubri 
cation State. The gently sloped Second Straight line C2 is in 
a Second region B having any point at which the parameter 
(mxN)/P is larger than 5x10 to thereby provide the mixed 
lubrication State or hydrodynamic lubrication State. 
0118 AS can be seen from this graph, at the bent point 
Cp, the first straight line C1 having the parameters (mxN)P 
smaller than 5x10 meets the second straight line C2 having 
the parameters (mxN)/P larger than 5x10. 
0119) The stribeck curve discussed above corresponds to 
the pivotal movement range of the grip clutch lever. More 
Specifically, the bent point Cp corresponds to a Switch point 
when the working machine 10 is switched between a high 
load running State (a first State) and a low load running State 
(a second state), as will be described in detail below. The 
Statement "high load running State' as used herein means a 
State in which the working machine 10 runs at a high load. 
Likewise, the Statement “low load running State' as used 
herein means a State in which the working machine runs at 
a low load. 

0120 When the working machine 10 runs at high load, 
the parameter (mxN)/P is smaller than 5x10. On the other 
hand, when the working machine 10 runs at low load, the 
parameter (mxN)/P is larger than 5x10. 
0121 Since the parameter (mxN)/P is smaller than 5x10 
when the working machine is under high load running, the 
coefficient of friction between the Surfaces of the female and 
male portions is large. It is therefore noted that when the 
pushing force of Small magnitude that pushes the grip clutch 
lever 70 even slightly increases, there is greatly improved a 
transmission ability of the clutch 30 to transmit the drive 
power from the engine 14 to the rear wheels 13, 13. 
0122) Since the parameter (mxN)/P is larger than 5x10 
when the working machine is under low load running, the 
coefficient of friction between the Surfaces of the female and 
male portions is small. The transmission ability of the clutch 
30 remains substantially unchanged without being affected 
by slight change in the pushing force. 
0123) If the bent point Cp were smaller than 5x10, the 
second straight line C2 of small coefficient of friction 
between the surfaces of the female and male portions 38, 39 
would be lengthened. This means that the transmission 
ability of the clutch 30 is not improved even when the 
working machine 10 is required to travel at the high load. 
Consequently, the clutch undesirably fails to transmit to the 
rear wheels 13, 13 a required drive power corresponding to 
the pushing force by which the grip clutch lever 70 is 
pushed. 
0124). If the bent point Cp were larger than 5x10, there 
would be lengthened the first straight line C1 having the 
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coefficient of friction greatly changed in correspondence to 
change in the pushing force. Namely, the transmission 
ability of the clutch 30 is undesirably greatly changed in 
correspondence to any change in the pushing force. With this 
arrangement, the working machine travels far leSS Smoothly. 
0.125. According to the present invention, the parameter 
at bent point Cp is 5x10. This is advantageous because the 
working machine 10 Smoothly travels at both the high and 
low loads. 

0126 Referring to FIG. 9, the grip clutch lever 70 is 
shown undergoing pivotal movement on the Support Shaft 
54. 

0127. With the grip clutch lever 70 in a neutral position 
Q1, the clutch 30 is in the disengaged state. The working 
machine 10 is kept from traveling. When pushed forwardly 
with the forwardly-directed pushing force, the grip clutch 
lever 70 is caused to forwardly pivot to a fully pivoted 
position Q2 on the support shaft 54. 
0128. With the lever 70 pivoted to the fully pivoted 
position Q2, the clutch 30 is brought to the slipped state. 
0129. The operator adjusts his/her exertion of the pushing 
force on the lever 70 in the position Q2. As discussed above, 
the pulling force which pulls the wire cable 36 changes in 
correspondence to the pushing force acting on the lever 70. 
Change in the pulling force varies the Surface pressure 
between the surfaces of the female and male portions 38,39. 
It is thus noted that the Surface preSSure between the Surfaces 
of the female and male portions 38, 39 is varied in corre 
spondence to the pushing force applied to the lever 70 in the 
fully pivoted position Q2. When the pushing force is small, 
the Surface pressure is Small, too. When the pushing force is 
made large, the Surface pressure also becomes large. 

0130. As the working machine 10 travels at the low load, 
for example, the machine 10 runs on a flat ground, a pushing 
force with which the operator pushes the grip clutch lever 70 
in the fully pivoted position Q2 is small. Thus, the surface 
preSSure between the Surfaces of the tapered female and 
male portions 38, 39 is small. More specifically, when the 
working machine 10 travels on the flat ground, the Surface 
pressure is set Such that the parameter (mxN)/P becomes 
larger than 5x10 to thereby make the coefficient of friction 
Small, as shown in FIG. 8. 

0131 The second straight line C2 of the stribeck curve 
lying in the Second region B having the parameter (mxN)/P 
larger than 5x10 is a gentle slope, as can be seen from 
FIG. 8. Accordingly, even when the pushing force that 
pushes the lever 70 is greatly changed, the transmission 
ability of the clutch 30 is substantially unchanged. In other 
words, it is unlikely that the transmission ability of the 
clutch 30 is changed by Slight change in the pushing force. 
The smooth traveling of the working machine 10 can be 
therefore achieved. 

0.132. As the working machine 10 travels at the high load, 
for example, the machine 10 runs on a sloped ground, the 
pushing force with which the operator pushes the grip clutch 
lever 70 in the fully pivoted position Q2 is large. The surface 
preSSure between the Surfaces of the tapered female and 
male portions 38, 39 is therefore rendered large. More 
specifically, when the working machine 10 travels on the 
Sloped ground, the Surface pressure is Set Such that the 
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parameter (mxN)/P becomes smaller than 5x10 to thereby 
make the coefficient of friction large, as shown in FIG. 8. 
0133. The first straight line of the stribeck curve lying in 
the first region Ahaving the parameter (mxN)/PSmaller than 
5x10 is a sharp slope. Accordingly, even slight change in 
the force that pushes the grip clutch lever 70 greatly 
improves or reduces the transmission ability of the clutch 30. 
0134) The Surface pressure between the surfaces of the 
tapered female and male portions 38, 39 is determined such 
that the bent point Cp corresponds to a Switch point when a 
running load (kgf) under which the working machine 10 
travels is switched from the high load to the low load, or vice 
Versa. The term “running load” as used herein means a load 
or resistance the traveling working machine undergoes. 
0.135 Namely, the operator determines his/her pushing 
force that pushes the grip clutch lever 70 in the fully pivoted 
position Q2, So that the bent point Cp corresponds to a 
Switch point when the working machine 10 is switched 
between the low load running State and the high load running 
State. 

0.136 The pushing force on the lever 70 in the position 
Q2 is used to: (1) control the clutch 30 in the slipped state; 
(2) produce a mechanical loss when the clutch 30 is brought 
into operation with the lever 70; and (3) overcome a force 
exerted by the return spring 69. The mechanical loss and the 
force exerted by the return Spring are relatively Small. 
0137 Reference is made to FIG. 10 to FIG. 12 graphi 
cally showing how the clutch 30 is advantageous over a belt 
Slip clutch. The belt slip clutch includes a driving pulley, a 
driven pulley, and a belt running over the driving and driven 
pulleys. 

0.138. There was provided a different type of working 
machine. Such a working machine differs from the working 
machine 10 in that the belt slip clutch rather than the clutch 
30 is employed therein. Tension in the belt is varied in 
correspondence to a pushing force that pushes the grip 
clutch lever 70. 

013:9) The clutch 30 of the present invention and the belt 
Slip clutch were used under the same condition. 
0140. In FIG. 10, there are provided a coordinate system 
having a horizontal axis showing a running resistance (i.e., 
the running load) (kgf) to the traveling working machine 10, 
and a vertical axis showing the pushing force (kgf) that 
pushes the grip clutch lever. 

0141 For the belt slip clutch, as the load at which the 
working machine travels becomes high, the pushing force 
increases, as indicated by open circles and a broken line. 
More specifically, when the running resistance is 6 kgf, the 
pushing force is 3 kgf. The running resistance of 21 kgf 
provides the pushing force as many as 9 kgf. The pushing 
force is thus tripled. AS the running resistance further 
increases, the pushing force abruptly increases. It is very 
hard for the operator to exert the pushing force as large as 
9 kgf or more. 
0.142 For the clutch 30 of the present invention, however, 
even when the working machine 10 travels at the high load, 
the pushing force increases only a Small amount, as shown 
by solid circles and a solid line. More specifically, when the 
running resistance is 6.5 kgf, the pushing force is 1.8 kgf. 
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The running resistance of 23.5 kgf provides the pushing 
force of 3.6 kgf. The pushing force increases only twice. It 
is to be noted that the pushing force remains Substantially 
constant regardless of the increase in the running resistance. 
The maximum pushing force is in the order of 4 kgf and 
hence is easy for the operator to exert. 
0143. In FIG. 11, there are provided a coordinate system 
having a horizontal axis showing the running resistance 
(kgf) to the working machine, and a vertical axis showing 
the driving force (kgf) the clutch transmits to the rear wheels 
of the working machine. 
014.4 For the belt slip clutch, as indicated by open circles 
and a broken line, the driving force does not exceed about 
12 (kgf) no matter how large the running resistance 
becomes. That is, a maximum driving force is as Small as 12 
(kgf). 
0145 For the clutch of the present invention, as shown by 
Solid circles and a Solid line, the driving force Substantially 
linearly increases with the running resistance. 
0146 In FIG. 12, there are provided a coordinate system 
having a horizontal axis showing the running resistance 
(kgf) to the working machine, and a vertical line showing an 
assist rate, expressed in terms of percent (%), indicating how 
much the drive Source assists the operator in propelling the 
working machine 10. 
0147 The assist rate is obtained by dividing the driving 
force by the running resistance. Namely, the assist rate may 
be construed as an efficiency with which the clutch 30 
transmits the driving force to the rear wheels when the 
working machine 10 travels under the running load. The 
operator should produce a force corresponding to a value 
(%) obtained by Subtracting the assist rate from 100 (%). 
0148 For the belt slip clutch, as indicated by open circles 
and a broken line, the assist rate does not exceed about 63 
(%) no matter how large the running resistance becomes. In 
other words, a maximum assist rate is as low as 63 (%). The 
operator should therefore produce a force corresponding to 
the remaining 37% or more. This results in increased burden 
on the operator. 
014.9 For the clutch 30 of the present invention, as 
indicated by Solid circles and a Solid line, the assist rate is 
kept high irrespective of the running resistance. More spe 
cifically, when the running resistance is in the range of 6.5 
to 23.5 (kgf), the assist rate is as high as 70 to 85 (%). This 
results in reduced burden on the operator. 
0150. With respect to FIG. 10 through FIG. 12, the use 
of the clutch 30 is advantageous, for example, because: (1) 
when the working machine 10 travels undergoing the Small 
running resistance of 6.5 (kgf), the assist rate is 70 (%) to 
thereby require the operator to push the grip clutch lever 70 
with a Small pushing force of 1.8 (kgf); and (2) when the 
working machine travels undergoing the large running resis 
tance of 23.5 (kgf), the assist rate is 85 (%) to thereby require 
the operator to push the grip clutch lever 70 with a pushing 
force of 3.6 (kgf). 
0151. In FIG. 13, there is shown a modified traveling 
clutch 30' according to the present invention. The traveling 
clutch 30' has the same construction as the aforementioned 
traveling clutch 30 except that the surface of the tapered 
male portion 39 has the plural straight grooves 38a formed 
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circumferentially thereof. The grooves 38a are spaced at 
given intervals. It is to be understood that the clutch 30 
provides the same advantage as the traveling clutch 30. 

0152 FIG. 14 illustrates a further modified traveling 
clutch 30A according to the present invention. Elements of 
the traveling clutch 30A in common with the traveling clutch 
30 discussed in relation to FIG. 1 through FIG. 12 are 
identically numbered and their descriptions are omitted. 

0153. The clutch 30A includes the case 24 containing the 
lubricating oil Ju, the bevel gear 22b (a driving member) 
having a flat surface 38A, and the clutch shifter 32 (a driven 
member) having a flat surface 39A. The bevel gear 22b and 
the clutch shifter 32 are disposed within the case 24 in Such 
a manner as to be submerged in the oil Ju. When the clutch 
30A is in the engaged state, the surface 38A and the surface 
39A are in engagement with each other. The clutch 30A can 
be used when in the slipped state, similarly to the clutch 30. 
When the clutch 30A is in the disengaged state, the surfaces 
38A, 39A are opposed to each other with a small gap formed 
therebetween. The clutch 30A is Switched from the disen 
gaged State to the slipped State, depending upon a Surface 
pressure between the surfaces 38A, 39A. As is apparent 
from FIG. 14, the bevel gear 22b and the clutch shifter 32 
of the clutch 30A are free from any tapered portion and have 
the flat surfaces 38A, 39A. It will be appreciated that the 
clutch 30A has the same advantage as the clutch 30. 
0154 FIG. 15 shows a modified grip clutch lever 90 
according to the present invention. The lever 90 is mounted 
on either of the handles 50L, 50R. The lever 90 is slidable 
forwardly and backwardly. 

0155 One of the handles 50L, 50R has a grip member 
(not shown) fixedly mounted thereon and the other has the 
lever 90 slidably mounted thereon. 
0156 The lever 90 serves both as a grip the operator grips 
for manipulation of the body 11 and as a clutch lever for 
operating the clutch 30. 

0157. When the grip clutch lever 90 is in the neutral 
position Q1, the clutch 30 is in the disengaged State to 
thereby stop the working machine 10. 

0158. A slider 91 is arranged to slide over the handle to 
the most advanced position Q2, along with the grip clutch 
lever 90, in correspondence to a pushing force F1 that 
pushes the lever 90 forwardly. The slider 91 is connected via 
a link 92 to a Swing arm 93. The sliding movement of the 
slider 91 moves the link 92 forwardly, as shown by an arrow. 
This forward movement of the link 92 causes the Swing arm 
93 to rotate counterclockwise, as indicated by an arrow. The 
wire cable 36 is then pulled to operate the clutch 30. 

0159 Movement of the grip clutch lever 90 to the most 
advanced position Q2 brings the clutch 30 to the slipped 
state. In all other respects, the lever 90 is identical to the 
lever 70. 

0160 The operator can adjust his/her exertion of the 
pushing force on the grip clutch lever 90 in the most 
advanced position Q2. A pulling force that pulls the wire 
cable 36 is varied in correspondence to the pushing force 
exerted on the lever 90. The surface pressure between the 
surfaces of the tapered female and male portions 38, 39 is 
changed in correspondence to change in the pulling force. 
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0.161 The surface pressure is determined such that the 
bent point Cp corresponds to the Switch point when the 
working machine is Switched from the low load running 
State to the high load running State, or Vice versa, as 
discussed above. 

0162 More specifically, the operator determines the 
pushing force exerted on the lever 90 in the most advanced 
position Q2, Such that the bent point Cp corresponds to the 
Switch point when the working machine 10 is switched 
between the low load running State and the high load running 
State. 

0163 The transmission ability of the clutch 30 is 
improved in correspondence to the forward pushing force F1 
exerted on the lever 90. In other words, the clutch 30 
transmits to the rear wheels 13, 13 the driving force corre 
sponding to the pushing force F1. The working machine 10 
is thus propelled by both the pushing force F1 of small 
magnitude the operator exerts on the lever 90 and the large 
driving force the clutch 30 transmits to the rear wheels 13, 
13. This means that the working machine 10 is propelled 
with the aid of the driving force. 
0164. The thus arranged working machine 10 is easy to 
handle because the operator is required only to push the grip 
clutch lever 90 by hand, as is conventional, in propelling the 
working machine 10. 
0165 FIG. 16 illustrates a further modified grip clutch 
lever 100 according to the present invention. Agrip portion 
51 extends between rear ends of the handles 50L, 50R. 
Behind the grip portion 51, the grip clutch lever 100 is 
positioned in alignment. The grip clutch lever 100 is 
mounted through a support shaft 101 to the rear ends of the 
handles 50L, 50R. The lever 100 is pivotable forwardly and 
backwardly on the Support shaft 101. The lever 100 has an 
arm 102 connected to the end of the wire cable 36. In other 
respects, the lever 100 is identical to that discussed in 
relation to FIG. 1 to FIG. 12. 

0166 The grip clutch lever 100 serves to operate the 
clutch 30. 

0167. When the grip clutch lever 100 is in the neutral 
position Q1, the clutch 30 is in the disengaged State to 
thereby stop the working machine 10. 
0168 The lever 100 is caused to pivot forwardly to the 
fully pivoted position Q2, as shown by an arrow, by the 
forward pushing force F1 the operators hand 80 exerts 
thereon. This forward pivotal movement of the lever 100 
causes the arm 102 to pivot counterclockwise. The wire 
cable 36 is then pulled to operate the clutch 30, as discussed 
hereinbefore. 

0169 Moving the grip clutch lever 100 to the fully 
pivoted position Q2 brings the clutch 30 to the slipped state. 

0170 The operator can adjust his/her exertion of the 
pushing force on the grip clutch lever 100 in the fully 
pivoted position Q2. The pulling force that pulls the wire 
cable 36 is varied in correspondence to the pushing force 
exerted on the lever 100. The surface pressure between the 
surfaces of the tapered female and male portions 38, 39 is 
changed in correspondence to change in the pulling force. 

0171 The surface pressure is determined such that the 
bent point Cp corresponds to the Switch point when the load 
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at which the working machine 10 travels is Switched from 
the low load to the high load, or Vice versa, as Stated above. 
0172 More specifically, the operator determines the 
pushing force exerted on the lever 100 in the fully pivoted 
position Q2, Such that the bent point Cp corresponds to the 
Switch point when the working machine 10 is Switched from 
the low load running State to the high load running State or 
Vice versa. 

0173 The transmission ability of the clutch 30 is 
improved in correspondence to the forward pushing force F1 
exerted on the lever 100. In other words, the clutch 30 
transmits to the rear wheels 13, 13 the driving force corre 
sponding to the pushing force F1. The working machine 10 
is propelled by both the pushing force F1 of Small magnitude 
the operator exerts on the lever 100 and the large driving 
force the clutch 30 transmits to the rear wheels 13, 13. The 
working machine 10 is propelled with the aid of the driving 
force. 

0.174. The thus arranged working machine 10 is easy to 
handle because the operator is required only to push the grip 
clutch lever 100 by hand, as is conventional, in propelling 
the working machine 10. 
0175 Referring to FIG. 17A and FIG. 17B, there is 
shown a modified traveling clutch 30". Elements of the 
traveling clutch 30" in common with those of the forgoing 
traveling clutches 30, 30' are identically numbered. 

0176) The tapered female portion 38 includes its surface 
having a helical groove 38b formed thereon. The Surface of 
the female portion 38 has a plurality of straight grooves 38a' 
formed thereon. The straight grooves 38a' extend perpen 
dicularly to the helical groove 38b. The straight grooves are 
positioned circumferentially of the Surface of the female 
portion 38 at given intervals. 

0177. As shown in FIG. 18A, the clutch 30" includes the 
tapered female portion 38 and the tapered male portion 39. 
Whether the clutch 30 is Switched from the disengaged state 
to the Slipped State depends on the Surface preSSure between 
the surfaces of the female and male portions 38, 39. A film 
made of the lubricating oil Ju is interposed between the 
surfaces of the female and male portions 38, 39. A surface 
pressure P' exerted on the surface of the female portion 38 
by the male portion 39 is changed in correspondence to a 
pressing force W by which the surface of the male portion 
39 is pressed against the surface of the female portion 38. 
The change in the Surface pressure P" varies a thickness t' of 
the film. A relation between the surface pressure P" and the 
thickness t' is shown in the following table 2. 

TABLE 2 

SUR 
FACE THICKNESS OF 
PRES- LUBRICATING COEFFICIENT 
SURE OIL FILM OF FRICTION m x N (mx N) /P' 

SMALL LARGE SMALL CONST. LARGE 
MIDDLE MIDDLE MIDDLE MIDDLE 
LARGE SMALL LARGE SMALL 

0.178 AS is apparent from the above table 2, when the 
surface pressure P' is small, the thickness t' of the film 
becomes large. The large thickness t' provides decreased 
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coefficient of friction u between the surfaces of the female 
and male portions 38, 39. When the surface pressure P' is 
middle, the thickness t' is middle. The middle thickness t 
provides the coefficient of friction it with middle amount. 
When the surface pressure P' is large, the thickness t' is 
rendered Small. The Small thickness t' provides increased 
coefficient of friction it'. 
0179 A characteristic of the clutch 30" can be evaluated 
using a parameter represented by a reference character 
(mxN)/P', where P' (Pa) is the surface pressure, m(Pa.s) is a 
viscosity of the lubricating oil Ju, and N (1/s) is a difference 
in the number of rotations per Second between the male 
portion 39 and the female portion 38. N is, namely, the 
number of times the male portion 39 rotates relative to the 
female portion 38 per second when the clutch 30" is in the 
slipped clutch. The parameter (mxN)/P' is dimensionless. 
0180. With mxN kept constant, when the surface pressure 
P" is small, the parameter (mxN)/P' is large. When the surface 
pressure P' is middle, the parameter (mxN)/P' is of middle 
amount. When the Surface pressure P' is large, the parameter 
(mxN)/P' is small. 
0181. When the parameter (mxN)/P' is large, the coeffi 
cient of friction u' is small. When the parameter (mxN)/P' is 
middle, the coefficient of friction u' is of middle amount. 
When the parameter (mxN)/P' is small, the coefficient of 
friction u' is large. 
0182 FIG. 18B graphically shows the relation between 
the coefficient of friction u' and the parameter (mxN)/P' as 
indicated in the table 2. As is apparent from FIG. 18B, the 
clutch 30" provides a characteristic curve shown in a coor 
dinate System including a horizontal axis showing the 
parameter (mxN)/P" and a vertical axis showing the coeffi 
cient of friction it'. The characteristic curve of the clutch 30" 
is in the form of a Straight line of negative Slope, and is also 
called the foregoing “Stribeck curve”. 
0183) The stribeck curve of FIG. 18B provides three 
States: (1) Boundary lubrication state where the Surface 
pressure P' is large to thereby lessen the parameter (mxN)/P' 
and thin the film of the lubricating oil interposed between the 
surfaces of the female and male portions 38, 39, so that the 
coefficient of friction u' is large; (2) Mixed lubrication state 
where as the Surface preSSure P is reduced, the parameter 
(mxN)/P' is increased and the film of the lubricating oil is 
thickened, So that the coefficient of friction u' is decreased; 
and (3) Hydrodynamic lubrication state where as the surface 
pressure P' is further reduced, the parameter (mxN)/P' is 
further increased and the film of the lubricating oil becomes 
sufficiently thick, so that the coefficient of friction u' is made 
Small. 

0184 The mixed lubrication state is a mixture of the 
boundary lubrication State and the hydrodynamic lubrication 
State. In the hydrodynamic lubrication State, the Surface of 
the male portion 39 is completely kept off from the surface 
of the female portion 38 to ensure that the film of the 
lubricating oil is interposed therebetween. 
0185. As discussed above, the film of the lubricating oil 
is interposed between the female portion 38 and the male 
portion 39. The thickness t' of the film varies in correspon 
dence to the Surface preSSure P". As a result, the female and 
male portions 38,39 provide: (1) Boundary lubrication state 
where the surface pressure P' is large; (2) Mixed lubrication 
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state where the surface pressure P' is middle; and (3) 
Hydrodynamic lubrication State where the Surface preSSure 
P' is Small. 

0186. When the traveling clutch 30" is used for a long 
time, the surfaces of the female and male portions 38, 39 can 
be worn into contact with each other at the increased areas 
thereof. That is, the use of the clutch 30" for the long time 
can increase the contact areas of the female and male 
portions 38, 39. The increased contact areas provides the 
reduced surface pressure P' even if the male portion 38 at a 
time when the clutch 30" is used for a long period of time 
undergoes the same pressing force W as that at a time when 
the clutch 30" began to be used. When the surface pressure 
P" is reduced, the thickness t' can be rendered large to thereby 
reduce the coefficient of friction u' between the surfaces of 
the female and male portions 38, 39. The coefficient of 
friction u' can be abruptly changed when the female and 
male portions 38, 39 are brought from the boundary lubri 
cation State to the mixed or hydrodynamic lubrication States. 
0187. According to the present invention, however, the 
thickness t' of the lubricating oil Ju remains small. In other 
words, the female and male portions 38, 39 are held in the 
boundary lubrication State regardless of the Surface preSSure 
P". Because the female and male portions 38, 39 are in the 
boundary lubrication State, the coefficient of friction u' is 
kept large. The friction force produced between the female 
and male portions 38, 39 when the clutch 30" began to be 
used can be maintained over a long period of time. The 
clutch 30" can thus be operated steadily. 

0188 Discussion will be made as to how the plural 
straight grooves 38a' and the helical groove 38b provide 
advantages. 

0189 Referring to FIG. 19A and FIG. 19B, the film of 
the lubricating oil is interposed between the Surfaces of the 
female and male portions 38,39. The number of rotations of 
the male portion 39 is different from that of female portion 
38. Using such a difference in the number of rotations, the 
lubricating oil between the Surfaces of the female and male 
portions 38, 39 can be discharged through the helical groove 
38b and the straight grooves 38a' out of the clutch 30". By 
thus discharging the oil, it becomes possible to reduce the 
thickness t' of the film. 

0.190 More specifically, the oil interposed between the 
surfaces of the female and male portions 38, 39 flows into 
the helical groove 38b and the straight grooves 38a, as 
indicated by arrows of FIG. 19A and FIG. 19B. The oil in 
the helical groove 38b flows into the straight grooves 38a'. 
When the clutch 30" is in the slipped state where the male 
portion 39 slips on the female portion 38, the Surfaces of the 
female and male portions 38, 39 wear each other to thereby 
produce a powder therebetween. Such a powder or the oil 
held between the surfaces of the female and male portions 
38, 39 are scraped off by edges forming the straight grooves 
38a. 

0191 Part of the powder falls into the straight grooves 
38a'. Even such part of powder and the oil within the straight 
grooves 38a' are discharged out under the action of a 
centrifugal force produced by the rotation of the female 
portion 38. This makes it possible to reduce the thickness t 
of the film between the Surfaces of the female and male 
portions 38, 39. 



US 2003/OOO6074 A1 

0.192 Using the difference in the number of rotations 
between the female and male portions 38, 39, the lubricating 
oil Ju in the case 24 is rapidly Supplied through the helical 
groove 38b to a space formed between the surfaces of the 
female and male portions 38, 39. The thus Supplied lubri 
cating oil is formed into a film. With this arrangement, it is 
ensured that the male portion 39 slips on the female portion 
38. Additionally, the surfaces of the female and male por 
tions 38, 39 can be cooled by the Supplied lubricating oil. 
0193 The clutch 30" is advantageous because the form 
ing the straight grooves 38a' and the helical groove 38b on 
the Surface of the female portion 38 requires a less cost than 
reducing the Surface roughness of the Surfaces of the female 
and male portions 38, 39 or making the surfaces of the 
female and male portions 38, 39 with precision. 
0194 Turning to FIG. 20, there is shown a coordinate 
System having a vertical axis showing the coefficient of 
friction u' and a horizontal axis showing the parameter 
(mxN)/P, where m stands for the viscosity (Pas) of the 
lubricating oil, N is the number of rotations (1/s) the male 
portion 39 rotates relative to the female portion 39 per 
second, P' is the surface pressure (Pa) between the surfaces 
of the female and male portions 38, 39, and u' is the 
coefficient of friction between the Surfaces of the female and 
male portions 38, 39. 
0195 Similarly to FIG. 8, there are shown stribeck 
curves of the clutch 30" and a different type of traveling 
clutch. These stribeck curves are based on data obtained 
from experiments in which the coefficients of friction were 
measured at the various parameters. The clutches on which 
the experiments were carried out are under the following 
condition: 

0196) average diameters of the tapered female and 
male portions 38, 39; 40 (mm) 

0197) lengths L1', L2 (see FIG. 17A) of the tapered 
female and male portions 38,39; 7 (mm) 

0198 angles the surfaces of the female and male 
portions 38, 39 are inclined: 12 (deg.) 

0199 surface roughness of the surfaces of the 
female and male portions 38, 39: 0.1 to 1.0 (um) 

0200 material for the female portion 38: casting of 
aluminum bronze 

0201 material for the male portion 39: sintered 
iron-based metal 

0202) 
0203 viscosity of the lubricating oil m: 0.055 (Pas) 
0204 the difference N in the number of rotations per 
second between the male portion 39 and the female 
portion 38: 1.7 to 5.0 (1/s) 

0205 the surface pressure P between the surfaces of 
the female and male portions 38, 39. 5x10 to 
70x10 (Pa). 

0206. In FIG. 20, the different type of traveling clutch 
includes the female portion 38 having only the plural 
straight grooves 38a' formed on the surface thereof. The 
clutch 30" includes the female portion 38 having the helical 
groove 38b and the plural straight grooves 38a' formed on 

lubricating oil: engine oil 
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the surface thereof. The straight grooves 38a' extend per 
pendicular to the helical groove 38b. 
0207 Solid stars and a solid line show the stribeck curve 
of the different type of traveling clutch when the clutch 
began to be used. Such a different traveling clutch is 
identical to the clutch 30" except that the helical groove 38b 
is not formed on the surface of the female portion 38. Open 
stars and a broken line show the stribeck curve of the clutch 
free from the helical groove when the clutch is used to such 
an extent that the Surfaces of the female and male portions 
38, 39 are arranged to contact each other at the substantially 
entire areas thereof. Solid circles and a Solid line show the 
stribeck curve of the clutch 30" when the clutch 30" began 
to be used. Open circles and a broken line show the stribeck 
curve of the clutch 30" when the clutch 30" is used to Such 
an extent that the Surfaces of the female and male portions 
38, 39 are arranged to contact each other at the substantially 
entire areas thereof. 

0208 For the clutch free from the helical groove which 
began to be used, as indicated by the Solid Stars and the Solid 
line, the coefficient of friction u' is kept constant over a wide 
range of the parameter (mxN)/P". At this time, the surfaces of 
the female and male portions 38, 39 contact each other at one 
tenth the entire areas thereof. 

0209 The contact areas of the surfaces of the female and 
male portions 38, 39 are small when the clutch starts to be 
used, and hence the Surface pressure is large. This results in 
the decreased parameter (mxN)/P" and the thinned film of the 
lubricating oil between the female and male portions 38,39. 
The female and male portions 38, 39 of the clutch 30 thus 
provides the boundary lubrication state where the coefficient 
of friction u' is large. 
0210. When the clutch free from the helical groove is 
used to Such an extent that the Surfaces of the female and 
male portions 38, 39 wear away into contact with each other 
throughout the areas thereof, as indicated by the open Stars 
and the broken line, the coefficient of friction u' is much 
Smaller than when the clutch began to be used. At this time, 
the surfaces of the female and male portions 38, 39 contact 
each other at the Substantially entire areas thereof. 
0211 Since the contact areas of the surfaces of the female 
and male portions 38, 39 are large, the Surface pressure is 
small. This results in the thickened film of the lubricating oil 
between the female and male portions 38,39. The thickened 
film of the lubricating oil provides the reduced coefficient of 
friction it'. The female and male portions 38, 39 of the clutch 
30 are brought from the boundary lubrication state to the 
mixed lubrication State. 

0212 For the clutch 30" which began to be used, as 
shown by the solid circles and the solid line, the coefficient 
of friction it is kept constant over the wide range of the 
parameter (mxN)/P". At this time, the surfaces of the female 
and male portions 38, 39 contact each other at one tenth the 
entire areas thereof. 

0213 The contact areas of the surfaces of the female and 
male portions 38, 39 are small when the clutch 30" starts to 
be used, and hence the Surface pressure is large. This results 
in the decreased parameter (mxN)/P" and the thinned film of 
the lubricating oil between the female and male portions 38, 
39. The female and male portions 38,39 of the clutch 30 thus 
provides the boundary lubrication state where the coefficient 
of friction u' is large. 
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0214) For the clutch 30" which is used to such an extent 
that the surfaces of the female and male portions 38,39 wear 
away into contact with each other throughout the areas 
thereof, as indicated by the open circles and the broken line, 
the coefficient of friction u' is kept high. At this time, the 
surfaces of the female and male portions 38, 39 contact each 
other at the Substantially entire areas thereof. 
0215. The thickness of the lubricating oil is kept small 
although the surfaces of the female and male portions 38, 39 
are arranged to contact each other at the Substantially entire 
areas thereof. The female and male portions 38, 39 thus 
maintain the boundary lubrication State regardless of the 
Surface pressure. Therefore, even when the contact areas of 
the surfaces of the female and male portions 38, 39 are 
changed to thereby reduce the Surface preSSure, the coeffi 
cient of friction u' remains large. 
0216) With respect to FIG. 21, there is shown a further 
modified traveling clutch 30" according to the present 
invention. The clutch 30" is the same as the clutch 30" 
except that the helical grooves 38b and the plural straight 
grooves 38a' are formed on the Surface of the male portion 
39 rather than the female portion 38. It will be understood 
that the clutch 30" provides the same advantage as the 
clutch 30". 

0217 FIG. 22A and FIG. 22B illustrate a further modi 
fied traveling clutch 30B according to the present invention. 
Elements of the traveling clutch 30B in common with the 
traveling clutch 30 discussed in relation to FIG. 1 through 
FIG. 12 are identically numbered and their descriptions are 
omitted. 

0218. The clutch 30B includes the case 24 containing the 
lubricating oil Ju, the bevel gear 22b (a driving member) 
having a flat surface 38B, and the clutch shifter 32 (a driven 
member) having a flat surface 39B. The bevel gear 22b and 
the clutch shifter 32 are disposed within the case 24 in Such 
a manner as to be submerged in the oil Ju. When the clutch 
30B is in the engaged state, the surface 38B and the surface 
39B are in engagement with each other. The clutch 30B can 
be used when in the slipped state, similarly to the clutch 30. 
When the clutch 30B is in the disengaged state, the surfaces 
38B, 39B are opposed to each other with a small gap formed 
therebetween. The clutch 30B is Switched from the disen 
gaged State to the Slipped State, depending upon a Surface 
pressure between the surfaces 38B, 39B. As is apparent from 
FIG.22A, the bevel gear 22b and the clutch shifter 32 of the 
clutch 30B are free from any tapered portion and have the 
flat surfaces 38B, 39B, respectively. It will be appreciated 
that the clutch 30B has the same advantage as the clutch 30. 
0219. As shown in FIG.22B, the surface 38B has formed 
thereon a spiral groove 38Bb and plural Straight grooves 
38 Ba' extending perpendicular to the grooves 38 Bb. Each 
straight groove 38 Ba' extends radially from the center of the 
surface 38B. The straight grooves 38 Ba'are spaced at given 
angles. 
0220. In the illustrated embodiments, the working 
machine 10 has been described as being applied to the lawn 
mower. However, the working machine 10 may be, for 
example, a walk-behind grass mower, a walk-behind Snow 
remover, a walk-behind one-, two-, three-, or four-wheeled 
transport vehicle having a drive Source. 
0221) The term “drive source” as used herein includes an 
electric motor as well as the engine 14. 

Jan. 9, 2003 

0222. Either the female portion 38 or the male portion 39 
may be arranged to Serve as a driving member, So that the 
drive power is transmitted from the drive source to the rear 
wheels. 

0223) The helical grooves 38b, 38Bb and the straight 
grooves 38a', 38 Ba' may be sized to serve the aforemen 
tioned function. The straight grooves 38a', 38 Ba' maybe 
Spaced at different angles to Serve the aforementioned func 
tion. 

0224. The present disclosure relates to the subject matters 
of Japanese Patent Application Nos. 2001-154530 and 2001 
155289, filed May 23, 2001 and May 24, 2001, respectively, 
the disclosures of which are expressly incorporated herein 
by reference in their entireties. 

What is claimed is: 
1. A walk-behind working machine providing a first State 

and a Second State, Said working machine in Said first State 
running at a high load, Said working machine in Said Second 
State running at a low load, Said working machine compris 
Ing: 

(A) a drive Source; 
(B) running wheels; and 
(C) a traveling clutch interposed between said drive 

Source and Said running wheels, 
Said traveling clutch including: 

(a) a case containing a lubricating oil; 
(b) a driving member having a friction Surface; and 
(c) a driven member having a friction Surface; 

Said driving and driven members being disposed within 
Said case in Such a manner as to be Submerged in Said 
lubricating oil; 

Said friction Surfaces of Said driving and driven members 
being arranged to contact each other to produce a 
Surface pressure therebetween; 

Said Surface pressure determining whether Said traveling 
clutch is brought from an off state in which said friction 
Surfaces of Said driving and driven members do not 
contact each other to a slipped State in which Said 
driven member slips on Said driving member; 

Said traveling clutch providing a characteristic curve 
shown in a coordinate System including a vertical axis 
representing a coefficient of friction between Said fric 
tion Surfaces of Said driving and driven members and a 
horizontal axis representing a parameter obtained by 
dividing by Said Surface preSSure a product of a vis 
cosity of Said lubricating oil and the number of times 
Said driven member rotates relative to Said driving 
member per Second, Said characteristic curve including 
a first Straight line and a Second Straight line connected 
to Said first Straight line via a bent point, Said Surface 
preSSure being determined Such that Said bent point 
corresponds to a Switch point when Said working 
machine is Switched from Said first State to Said Second 
State or Vice versa. 

2. A walk-behind working machine as claimed in claim 1, 
wherein said parameter is 5x10 at said bent point. 
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3. A walk-behind working machine as claimed in claim 1, Said Straight grooves extending perpendicularly to Said heli 
wherein at least one of Said friction Surface of Said driving cal groove. 
member and Said friction Surface of Said driven member has 
a helical groove and plural Straight grooves formed thereon, k . . . . 


